In an earlier survey, 136 strains of Fusarium sp. were incubated on a white corn grit medium to determine their capacity to produce T-2 toxin (3) . One strain of Fusarium equiseti was detected that strongly inhibited gram-positive bacteria. Since Fusarium strains are frequently identified as the etiological organisms in mycotoxicoses, we characterized the antibiotic subtance and determined its mean lethal dose (LD50) in mice.
Athough many antibiotics and mycotoxins are produced by strains of Fusarium species, none has the biological activity and the chemical properties of the antibiotic elaborated by F. equiseti NRRL 5537. The principal fusariotoxins, zearalenone (7), butenolide (11) , fusariogenin (5), or the 12,13-epoxytrichothecenes (1) , either lack or only exhibit weak antibacterial properties. Of the antibacterial metabolites produced by the genus Fusarium, the enniatins (6) are most nearly like the antibiotic of F. equiseti NRRL 5537 in their microorganisminhibition spectrum. Both the enniatins and the product of NRRL 5537 inhibited Mycobacterium phlei, Bacillus subtilis, and Staphylococcus aureus in vitro at concentrations below 1 ,ug/ml. However, the enniatins and the 5537 antibiotic are grossly different in their chemical and physical properties. This report describes the production, purification, some chemical and physical properties, and also the antibacterial effects and toxicity of this antibiotic in mice.
MATERIALS AND METHODS Microorganisms. F. equiseti NRRL 5537 was originally isolated from tall fescue (Festuca arundinacea Schreb.) and was identified by the scheme of Booth (2) . All microorganisms were supplied by the ARS Culture Collection.
Production and purification. NRRL 5537 was cultured in Fernbach flasks containing 200 g of white corn grits moistened with 100 ml of water. A 50-ml amount of water was added before autoclaving, and the remaining 50 ml was added after the autoclaved grits were loosened with a stirring rod. Inoculum was prepared by incubating NRRL 5537 for 10 to 14 days at room temperature on 2 to 3 g of grits suspended in 5 ml of 1.5% agar. Copious amounts of conidia were produced on the corn grit medium. Fermentation flasks were inoculated with 1 ml of the loosened surface growth suspended in 8 ml of water. During incubation (3 to 4 weeks at room temperature) the medium was shaken daily. The fermented grits were extracted by blending the contents of each flask twice in a Waring blender jar for 1 to 2 min with 1 liter of acetone. The acetone solution was separated from the grits by filtration. Acetone from the combined extracts was removed under vacuum, and the residual watery milieu (about 500 ml/kg of substrate) containing the dissolved or suspended antibiotic was acidified to pH 2.0 with sulfuric acid. After acidification, the suspension was partitioned into hexane; six 200-ml volumes of hexane removed nearly all of the product. As the hexane evaporated at room temperature, a gel-like matrix formed; with complete evaporation, 16 to 25 g of a reddish solid product was obtained from 1 kg of white corn grits. The crude product was dissolved in 200 ml of boling hexane and filtered. Red pigments recovered along with the antibiotic were removed from the hexane filtrate by washing (20 to 30 times) with small volumes (2 to 3 ml) of ethanol until pigment was no longer visible in the ethanol layer. The ethanol-pigment layer was removed from the hexane-antibiotic layer with a Pasteur pipette. After hexane evaporated, the primary recovery product was washed several times with 20-to 30-ml volumes of hexane.
The ethanol-pigment layers were combined, evaporated, and extracted with boiling hexane for additional recovery of product. The hexane was cleared of red pigment by washing 12 to 15 times with 2-to 3-ml portions of ethanol. The clear hexane layer was evaporated and the product was washed several times with hexane. Repeated ethanol-pigment washings were recovered and partitioned into boiling hexane until a gel no longer formed upon evaporation of the hexane. Exhaustive partitioning of the ethanol-pigment washes into hexane yielded a pink powder, the secondary recovery product.
Antibiotic assay procedure. A standard curve was prepared by diluting chromatographically pure F.
equiseti antibiotic in acetone and adding 0.5 to 8 ,gg to 12.7-mm filter paper disks. The standard disks were placed on the surface of TGY agar (4), 6 ml in a standard petri dish, inoculated with 1.5 x 107 B. subtilis NRRL B-3284 spores and incubated overnight at 37 C. The mean inhibition zone diameter of three disks for each concentration of antibiotic was plotted semilogarithmically, and the mean response of each sample was calculated from the standard. The total amount of antibiotic produced per kilogram of grits was calculated frm the potency and the combined volume of acetone and blended grits. Antibiotic remaining in the grits was estimated from the potency and difference in volume of acetone plus grits and the volume of acetone recovered from the second extraction. Antibiotic content of other preparations obtained during purification of the product was calculated from dilutions of weighed samples and their potencies.
Physical and chemical analyses. Thin-layer chromatography was carried out on plates coated with Silica Gel G (0.5 mm) and activated at 110 C for 2 h.
The developing solvent was either toluene-methanol (7:3, vol/vol) or acetonitrile-water-benzene (90:6:4, vol/vol/vol). Zones were detected by spraying developed plates with p-anisaldehyde (0.5 ml in 85 ml of methanol, 10 ml of glacial acetic acid, and 5 ml of concentrated sulfuric acid) and then heating at 110 C for 5 to 10 min (9). Either iodine vapor or concentrated sulfuric acid was also used to detect possible impurities. Copper salt of the antibiotic was prepared (8) and crystallized from methanol-water as clusters of fine green needles. The copper content was determined on a Perkin-Elmer 303 atomic absorption spectrophotometer.
Gas-liquid chromatography of F. equiseti 5537 preparations was carried out on a Bendix model 2500 chromatograph equipped with on-column flame ionization detectors. Retention times of the antibiotic and its degradation product were determined on glass columns (61 cm by 2 mm and 183 cm by 2 mm) packed with SE-30 (3%) on Supelcon AW-DMCS (Supelco, Inc.). Operating parameters were as follows: temperature, 180 or 190 C isotheramlly for 61-cm columns and programmed from 180 to 220 C at 5 C/min for 183-cm columns; carrier gas, nitrogen (40 ml/min); hydrogen (20 mlmin); air (400 ml/min); MICs for microorganisms. The F. equiseti antibiotic was diluted in ethanol, and penicillin G, streptomycin sulfate, and isonicotinic acid hydrazide (isoniazid) were diluted in water. Amounts up to 1 ml were added to TGY agar to provide the desired double dilution test concentrations. Minimal inhibitory concentrations (MICs) of the antimicrobial agents were determined by streaking a loopful of standardized suspensions of 24-to 48-h cultures of selected microorganisms onto the surface of 20 ml of the modified TGY agar in a standard petri dish. Microorganisms were cultured on TGY agar slants and diluted with TGY broth to yield a transmittance of about 90% at 600 nm in a Spectronic-20 spectrophotometer. All cultures grew on control plates containing 1 ml of ethanol per 100 ml of TGY agar. Bacteria were incubated at 37 C and the fungi were incubated at room temperature. Cultures were observed after 24 The white amorphous powder had a melting range of 65 to 66 C. It was soluble in acetone (>660 mg/ml), ethanol (>330 mg/ml), and methanol (> 220 mg/ml), and insoluble in hexane (<0.8 mg/ml) and water (<0.3 mg/ml). The ultraviolet spectrum of equisetin in ethanol is reproduced in Fig. 1 The infrared spectrum of the copper salt of equisetin in chloroform ( Fig. 2A) is similar to that of the copper salt of tenuazonic acid (Fig.  2B) , suggesting that the antibiotic may be an N-methyl tetramic acid.
Gas-liquid chromatography of equisetin showed two components, the antibiotic and its degradation product. Conversion of antibiotic to a degradation product varied with temperature and residence time in the columns. Chromatographs from short columns (61 cm) at 180 C showed that the degradation peak represented only 3% of the sample (Fig. 3A) . However, at 190 C, this peak increased and accounted for 6 to 8% of the sample. Chromatographs from 183-cm columns at 220 C indicated that almost half the antibiotic was converted to the degradation product (Fig. 3B) . Estimation of equisetin production and purity of recovery products. more than 95% of the antibiotic from the water. The 16 to 25 g of reddish solid extracted with hexane consisted of 28 to 40%/o equisetin, three or four red pigments, ergosterol, and other extraneous materials. In addition to the 0.48 to 1.3 g/kg of white powder that chromatographed as a single spot, amounts of a pink powder varying from 2.1 to 5.5 g/kg were recovered by exhaustive partitioning of the ethanol-pigment washes into hexane. The pink powder gave a major spot at the same R, as equisetin and a faint red spot just above equisetin when 1 mg or more of sample was spotted. Chemical and physical properties and the antibiotic activity of the pink powder was the same as the white powder. If one ignores the slight impurity in the pink powder, recovered equisetin varied from about 2.5 to 6.2 g/kg of fermented grits.
Animal toxicity. The intraperitoneal LD60 dose of equisetin by Weil's procedure (12) 
